We present an extensive study of the stationary points on the acetylene-water ͑AW͒ ground-state potential energy surface ͑PES͒ aimed in establishing accurate energetics for the two different bonding scenarios that are considered. Those include arrangements in which water acts either as a proton acceptor from one of the acetylene hydrogen atoms or a proton donor to the triple bond. We used a hierarchy of theoretical methods to account for electron correlation ͓MP2 ͑second-order Moller-Plesset͒, MP4 ͑fourth-order Moller-Plesset͒, and CCSD͑T͒ ͑coupled-cluster single double triple͔͒ coupled with a series of increasing size augmented correlation consistent basis sets nϭ2, 3, 4) . We furthermore examined the effect of corrections due to basis set superposition error ͑BSSE͒. We found that those have a large effect in altering the qualitative features of the PES of the complex. They are responsible for producing a structure of higher (C 2v ) symmetry for the global minimum. Zero-point energy ͑ZPE͒ corrections were found to increase the stability of the C 2v arrangement. For the global ͑water acceptor͒ minimum of C 2v symmetry our best estimates are ⌬E e ϭϪ2.87 kcal/mol (⌬E 0 ϭϪ2.04 kcal/mol) and a van der Waals distance of R e ϭ2.190 Å. The water donor arrangement lies 0.3 kcal/mol ͑0.5 kcal/mol including ZPE corrections͒ above the global minimum. The barrier for its isomerization to the global minimum is E e ϭ0.18 kcal/mol; however, inclusion of BSSE-and ZPE-corrections destabilize the water donor arrangement suggesting that it can readily convert to the global minimum. We therefore conclude that there exists only one minimum on the PES in accordance with previous experimental observations. To this end, vibrational averaging and to a lesser extend proper description of intermolecular interactions ͑BSSE͒ were found to have a large effect in altering the qualitative features of the ground-state PES of the acetylene-water complex.
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I. INTRODUCTION
Hydrophobic interactions play an important role in many chemical and biochemical systems. 1, 2 Notwithstanding the vagueness entailed in the term ''hydrophobic'' ͑fear of water͒, and all associated phenomena related to hydrophobicity, there is little doubt that this concept is associated with weak ͑van der Waals or hydrogen bonding͒ interactions between polar and nonpolar systems. In particular, interactions of the C-H¯X type, where X is an electronegative moiety, have recently drawn discussion regarding not only the strength, but also the nature of such interactions, i.e., whether they are van der Waals or ''genuine'' hydrogen bonds. 3 In this study we attempt a molecular level understanding of the microhydration pattern of acetylene ͑A͒ by examining the salient features of the acetylene-water ͑AW͒ cluster potential energy surface ͑PES͒. Our goal is to derive an accurate estimate of the strength of the A¯W interaction and characterize the stationary points on the PES that correspond to different bonding scenarios. Subsequent studies will focus on the structures of the larger AW n clusters (nϭ2 -4) as a means of probing the perturbation of the water hydrogen bonding network due to the presence of the host molecule, A. These results can serve as benchmarks in the evaluationparametrization of interaction potentials used to study aqueous solvation of model hydrocarbons.
Intuitively, one can think of two attractive modes of interaction that differ with respect to the orientation of W with respect to A. The first one corresponds to the water molecule acting as the proton acceptor from one of the acetylene H atoms ͑Y-, YY-structures͒, the other one with the water molecule acting as the ͑single or double͒ proton donor to the -electron cloud of A ͑T-, TT-structures͒. In the previous notation, single letter attributes ͑Y, T͒ correspond to lower (C s ) whereas double letter attributes ͑YY, TT͒ indicate structures of higher (C 2v ) symmetry. These ͑assumed͒ minima should be connected via a transition state ͑YT-structure͒. The relevant stationary points of the cluster PES pertaining to the previous discussion are pictorially shown in Fig. 1 . In whatsummarized in the first part of Table I . The earliest calculation by Del Bene 4 examined only the T-minimum at the STO-3G/Hartree-Fock ͑HF͒ level, obtaining an equilibrium energy difference ⌬E e (ϭE AW ϪE A ϪE W ) of Ϫ3.5 kcal/mol. A subsequent study by Frisch et al. 5 reported the T-and Y-minimum, and the YT-transition state at the Mo "ller-Plesset fourth-order perturbation theory level using optimal HF geometries (MP4SDQ/6-31G**//HF/6-31G*). Dykstra 6 has examined both Y-and T-minima using the electrically based molecular mechanics of clusters ͑MMC͒ approach ͑note that the captions for Figs. 2 and 3 are interchanged in this reference͒. The rest of the previous studies [7] [8] [9] [10] [11] [12] [13] have mainly examined the Y-minimum, although two of them also reported the highly symmetric YY-configuration. 7, 9 Through all those previous papers ͑cf. minimal STO-3G ͑Refs. 4 and 7͒ to triple zetaϩdiffuse functions 11 and the level of electron correlation was extended up to second order in the perturbation expansion ͑MP2͒. Only the work of Frisch et al. 5 employed single point MP4SDQ energies but at the HF optimal geometries. Some density functional ͑DFT͒ calculations have also been previously reported but with rather dubious findings, as evidenced from the reported diverging results.
The second part of Table I condenses the results of previous experimental work for the AW system. 8, 14, 15 Engdahl and Nelander 14 have recorded the infrared ͑IR͒ spectra of argon matrices containing W and A and, based on the strongly red-shifted CH-stretching, the blue-shifted CHdeformation fundamentals of the complex and the small shifts in the water vibrations, have concluded that A forms a hydrogen bond with the oxygen atom of W. They have furthermore suggested a range of Ϫ2 to Ϫ3 kcal/mol for ⌬H f based on the magnitude of the CH shift. Peterson and Klemperer 15 measured the radio frequency and microwave spectra of various isotopically substituted AW species and obtained rotational constants and dipole moments. Their analysis is consistent with an effectively planar geometry ͑YY-structure in Fig. 1͒ having all three heavy atoms in a collinear arrangement. A fit to the measured rotational constants produced a ͑vibrationally averaged͒ distance of 2.229 Å between the acetylene hydrogen and the water oxygen atoms. They also pointed out that vibrational averaging forbade the precise determination of the equilibrium structure as to whether there exists an inversion barrier at the planar configuration and the equilibrium structure has the water tilted out of the plane ͑Y-structure of Fig. 1͒ . However, since the measured dipole moment increased upon deuteration, the barrier, if it exists, does not support a vibrational level within the double potential well. 15 This issue was revisited in a subsequent joint experimental-theoretical study by Miller and co-workers 8 who recorded near-infrared spectra in the 3 m region and reported ab initio MP2 results with several basis sets of double zeta quality at the MP2 level of theory for the complex. These calculations confirmed that the complex undergoes large amplitude motions from its nonplanar equilibrium geometry, therefore, effectively having a quasiplanar structure since the zero-point energy is larger than the height of the barrier.
The analysis of the data during all previous experimental studies suggests that only the Y-structure ͑cf. Fig. 1͒ was observed, a fact that implies that it is the global minimum. From the experiments no information could be deduced as to the nature of the T-structure configuration, i.e., whether it is a local minimum on the PES. Simple models, such as the one proposed by Buckingham and Fowler, 16 produce results for the two structures that are much closer in energy than the energy difference of 1.6 kcal/mol obtained from intermolecular perturbation theory. 13 A quantitative determination of the strength of the interaction in the Y-and T-arrangements is important in assessing the relative stability between families of stable configurations in clusters of A with more than one water molecules. For the larger clusters there is competition between the formation of gas phase-like cyclic water networks that attach to A and other networks which incorporate part of the host molecule ͑A͒ via T-like arrangements. Furthermore, an accurate number for the binding energy will also yield the minimum requirements as regards the theoretical treatment needed for the accurate description of the clusters of A with more than one water molecule, presented in a forthcoming study.
The previous discussion calls for a more accurate examination of the stationary points and energetics of the PES. In this study we present accurate structures and energetics for all five stationary points of Fig. 1 . In Sec. II we outline the technical details of our calculations. The results are presented in Sec. III and final conclusions are drawn in Sec. IV.
II. COMPUTATIONAL DETAILS
Throughout the present work we employed the family of augmented correlation consistent, aug-cc-pVnZ, basis sets of Dunning and co-workers; 17 nϭ2,3,4 is codified with D, T, and Q for the double through quadruple sets, respectively, whereas aug-indicates diffuse functions, one extra diffuse set of functions added for every different angular momentum of the plain ͑non-augmented͒ basis. Hereafter, the basis set will be denoted as aug-cc-pVnZ or cc-pVnZ for the augmented and plain sets, respectively. All sets are generally contracted with the smaller ͑aug-cc-pVDZ͒ basis set
taining 105 contracted spherical Gaussians, and the larger
tracted functions. Some calculations were also performed with the corresponding plain sets. Calculations were performed at the MP2, MP4, and CCSD͑T͒ levels of theory in order to explore the effect of electron correlation on the computed structures and energetics.
The Y-and T-structures were fully optimized at the MP2/aug-cc-pVnZ (nϭ2 -4), MP4/aug-cc-pVnZ (nϭ2-3͒ and CCSD͑T͒/aug-cc-pVnZ (nϭ2 -3) levels of theory. Single point energy calculations with the largest ͑aug-cc-pVQZ͒ set used here were performed at the MP4 level at the corresponding optimal geometries with the augcc-pVTZ set. During all optimizations the root-mean-square ͑rms͒ deviations of the energy gradient with respect to nuclear coordinates were Ͻ1 h/bohr; this corresponds to a change in the total energy of ϳ0.01 h or less. The planar configuration of C 2v symmetry ͑YY-structure͒ was also fully optimized in all three levels of theory with the nϭ2,3 sets. Finally, the YT-and TT-structures were optimized at the MP2/aug-cc-pVnZ, nϭ2,3 levels of theory. Harmonic frequencies were computed for all the five stationary points at the MP2/aug-cc-pVnZ (nϭ2,3) levels.
The AW equilibrium energy difference ⌬E e ͑AW͒ is computed as:
where E G s (M ) refers to the total energy of the molecule M at the geometry G computed with basis set s. Basis set superposition error 18 corrections are obviously of critical importance in van der Waals systems such as the one studied here. 19, 20 For finite basis sets, ⌬E e is corrected for basis set superposition error ͑BSSE͒, according to
where
are the ''deformation'' terms reflecting the energy penalty associated with the change of the fragments in the cluster from their isolated geometries.
Complete basis set limit ͑CBS͒ energy values, ⌬E CBS , are estimated using the formula
where n is the cardinal basis set number ͑nϭ2, 3, and 4͒, and B, C fitting constants. All calculations were performed with the GAUSSIAN94 ͑Ref. 23a͒, GAUSSIAN98 ͑Ref. 23b͒ and the MOLPRO ͑Ref. 24͒ suite of codes.
III. RESULTS AND DISCUSSION

A. Isolated fragments C 2 H 2 "A… and H 2 O "W…
The optimal geometries and minimum energies of C 2 H 2 and H 2 O calculated at the MP2, MP4, CCSD͑T͒/aug-cc-pVnZ, nϭ2,3,4, are listed in Table II . For comparison, experimental values 25, 26 are also listed. The MP4 and/or CCSD͑T͒/aug-cc-pVQZ geometries are in very good agreement with experiment. The harmonic vibrational frequencies ͑cm Ϫ1 ͒ and zero-point energies ͑kcal/mol͒ of the fragments are listed in Table III.   TABLE II . Optimal geometries ͑Å, degrees͒ and energies ͑hartree͒ of Acetylene and Water. Experimental numbers are also shown. B. Minima
Water acceptor structure (Y)
The optimal geometry and rotational constants ͑RC͒ of the water acceptor minimum ͑Y-structure͒ are listed in Table  IV . The effect of monomer deformation due to complexation is quite small ͑cf. results in Tables II and IV͒ , mainly manifested by a lengthening of 0.005 Å in the acetylene intramolecular C1-H1 distance ͑the H atom participating in the hydrogen bond͒. This change is almost universal among all levels of theory considered in this study.
The intermolecular A¯W van der Waals equilibrium distance, R vdw , was found to monotonically converge to R e ϭ2.194 Å at the MP2 level of theory with increasing basis set. The effect of higher electron correlation on this distance is small, of the order of 0.002 Å or less as evident from the comparison of the CCSD͑T͒ values with the MP2 results for the aug-cc-pVTZ set ͑cf. Table IV͒ . Therefore, our best estimate is R e ϭ2.195 Å. The experimentally available ͑vibra-tionally averaged͒ rotational constants and A¯W van der Waals distance (R 0 ) are also shown in Table IV . For a straightforward comparison of our best estimate of the computed equilibrium intermolecular separation (R e ϭ2.195 Å) with the one obtained from fitting the rotational constants to the experimentally measured microwave spectra (R 0 ϭ2.229 Å), the effect of vibrational averaging should be included. This requires knowledge of a larger portion of the PES of the complex, a task beyond the goal of this study. However, our estimate of ⌬RϭR 0 ϪR e ϭ0.035 Å for the magnitude of this effect is consistent with previous results for similar systems such as the water dimer. 21 The value of the C2C1O angle indicates that the two carbon and the oxygen atoms do lie practically on a straight line ͑within Ͻ0.5°͒, therefore justifying the assumption made in obtaining the rotational constants ͑and subsequently the intermolecular separation R 0 ͒ from experiment. The angle between the C-C and the C 2 water axes, cc,c2 , is 156.0°, almost insensitive to the level of correlation with basis sets of triple zeta or better quality. However, as noted in earlier studies, 8, 15 it is anticipated that isomerization can occur following a path corresponding to a ''rocking'' motion of the water molecule via a structure ͑YY͒ having cc,c2 ϭ180°and higher (C 2v ) symmetry. Although the minimum on the PES has cc,c2 Ͻ180°, the PES along the isomerization pathway varying this angle is extremely flat and inclusion of zeropoint energies is required ͑vide infra͒ in order to obtain a more realistic picture of the minimum energy structure that is measured experimentally. The harmonic vibrational frequencies of the AW complex are shown in Table V . Comparison of these with the ones for the isolated A and W species ͑cf. 14 and at 3255 cm Ϫ1 in a nozzle expansion of a mixture of A in He and water. 8 The corresponding experimental red-shifts of the C-H antisymmetric acetylene stretch upon complexation in those two environments are 63 and 34 cm Ϫ1 , respectively. Our estimate of ⌬ϭ25 cm Ϫ1 is more in line with the result of the most recent experiment. 8 Our findings reinforce the argument originally proposed by Engdahl and Nelander 14 regarding the formation of a van der Waals type bond in which the water is acting as the proton acceptor based on the strongly redshifted CH-stretching fundamental, the blue-shifted CHdeformation fundamental and the small shifts in the water frequencies upon complexation.
The minimum energies (E e ), zero-point energies ͑ZPE͒ and energy differences (⌬E e ) also corrected for basis set superposition error ͑BSSE͒ are listed in Table VI . The lowest absolute energy, Ϫ153.582 887 hartree, is obtained at the MP4/aug-cc-pVQZ//MP4/aug-cc-pVTZ level ͑single point calculation͒. No optimizations were performed with the largest ͑aug-cc-pVQZ͒ set at either the MP4 or CCSD͑T͒ levels since, due to the lack of analytical first derivatives for these methods, large CPU times are required for numerical optimizations. Nevertheless, the results of Table IV suggest that rather insignificant geometry changes are expected from such a calculation ͑cf. the difference between the MP2 and MP4 results of Table IV with the aug-cc-pVDZ and aug-cc-pVTZ basis sets͒.
As is evident from Table VI and Fig. 2 , the energy difference, ⌬E e , is practically method independent ͓MP2, MP4, CCSD͑T͔͒, but varies with basis set from Ϫ3.6 kcal/ mol ͑aug-cc-pVDZ͒ to Ϫ3.0 kcal/mol ͑aug-cc-pVQZ͒. Extrapolation to the CBS limit ͓Eq. ͑4͔͒ for ⌬E e ͑BSSE-corrected͒ produces values of Ϫ2.86 and Ϫ2.87 kcal/mol at the MP2 and MP4 levels, respectively ͑Fig. 2͒. The extrapolated CBS values are, as expected, within Ͻ0.1 kcal/mol from the ones computed with the largest ͑aug-ccpVQZ͒ set. Inclusion of zero-point energies amounts to corrections in the energy differences of 1.03 and 0.95 kcal/mol at the MP2 level of theory with the aug-cc-pVDZ and augcc-pVTZ sets, respectively ͑cf. Tables III and VI͒. Our best estimate for the interaction energy of the Y-minimum is therefore Ϫ1.92 kcal/mol, obtained by adding the MP2/augcc-pVTZ ⌬(ZPE) to the MP4͑BSSE-corrected͒ CBS limit. Finally the dipole moment of the Y-minimum at the MP2/ aug-cc-pVTZ level is ϭ2.376 D, in fair agreement with the experimentally obtained 15 value of 2.012 4͑3͒ D which, however, corresponds to the vibrationally averaged structure of higher symmetry ͑vide infra͒.
In lieu of the fact that our goal is to investigate larger clusters with more than one water molecule around acetylene, we found it compelling to assess the effect that the diffuse functions in the basis set have to the relative energetics. This was achieved by comparing the MP2 energy differences with the aug-cc-pVnZ and cc-pVnZ sets ͑aug-mented and plain, respectively͒. ⌬E e 's obtained without diffuse functions are generally larger ͑on the negative scale͒ and have a larger BSSE correction than the ones obtained with the corresponding augmented sets. For example, ⌬E e ͑cc-pVDZ͒ϭϪ5.27 kcal/mol and ⌬E e ͑cc-pVTZ͒ ϭϪ3.90 kcal/mol whereas the analogous values with the augmented sets are Ϫ3.61 and Ϫ3.17 kcal/mol, respectively ͑cf. Table VI͒ . Also since the plain sets have a larger BSSE correction than the augmented ones, this eventually results in almost the same BSSE-corrected ⌬E e for the two sets. As ͒, IR Intensities ͑km/mol͒, zero-point energies ͑ZPE, kcal/mol͒ of the Y-and T-minima at the MP2/aug-cc-pVnZ, nϭ2, 3 levels. Experimentally observed frequencies ͑͒ for the Y-minimum are also shown. expected, the difference between the two families of sets ͑plain and augmented͒ decreases as the basis set increases since both eventually should converge to the same ͑CBS͒ limit.
Y-minimum T-minimum
Water donor structure (T)
The second minimum on the AW PES corresponds to a configuration in which the water molecule acts as the proton donor to the acetylene triple bond ͑T-structure of C s symmetry in Fig. 1͒ . Its optimal internal coordinates and rotational constants ͑RC͒ are listed in Table VII . As for the case of the Y-minimum, we find minimal changes in the fragment geometries upon complexation. The largest change is the lengthening of the water O-H bond that is pointing towards the triple bond by 0.003-0.004 Å. The van der Waals intermolecular distance ͑defined as the distance between the hydrogen bonded H atom of W and the center of the A triple bond͒ is 2.385, 2.345, and 2.346 Å at MP2/aug-cc-pVnZ, n ϭ2 -4 levels, respectively, and 2.397 ͑2.365͒ Å, 2.414 ͑2.378͒ Å at MP4 and CCSD͑T͒/nϭ2(3) levels, respectively ͑Table VII͒. It is interesting to note that electron correlation and quality of basis set have opposite effects on the magnitude of this distance: its magnitude decreases with basis set size while within a given basis set it increases with a better description of electron correlation ͓i.e., going from MP2 to MP4 and/or CCSD͑T͔͒. Nevertheless it is practically converged with basis set at the triple zeta quality level ͑cf. the difference between the aug-cc-pVTZ and aug-cc-pVQZ results at the MP2 level͒. This distance was found to be larger than the corresponding intermolecular distance for the Y-minimum by about 0.18 Å. The hydrogen bond is almost linear with respect to the middle of the acetylene triple bond, deviating from 180°by 2.5°and 1.4°at the MP2/aug-ccpVQZ and MP4/aug-cc-pVTZ levels, respectively. The results at the CCSD͑T͒ level of theory are similar.
The harmonic vibrational frequencies and corresponding IR intensities at the MP2/aug-cc-pVnZ,nϭ2,3 levels of theory, are shown in Table V . For the in situ water molecule, The minimum energies, zero-point energies and energy differences also corrected for BSSE are listed in Table  VI . The best calculated values are ⌬E e ϭϪ2.73 kcal/mol, ⌬E e ͑BSSE-corrected͒ϭϪ2.58 kcal/mol and ⌬E 0 ͑BSSE-corrected͒ϭϪ1.40 kcal/mol at the MP4/aug-ccpVQZ//MP4/aug-cc-pVTZ level of theory. The variation of the energy difference with basis set is illustrated in Fig. 3 . Extrapolation of the BSSE-corrected energy differences yields ⌬E e/CBS ͑BSSE-corrected͒ϭϪ2.59 kcal/mol, whereas accounting for zero-point energy differences ͓⌬͑ZPE͒ϭ1.18 kcal/mol at the MP2/aug-cc-pVTZ level͔ yields ⌬E 0/CBS ͑BSSE-corrected͒ϭϪ1.41 kcal/mol. Finally we obtained a dipole moment of 2.115 D at the MP2/aug-cc-pVTZ level of theory for the T-minimum.
The water donor ͑T͒ minimum is, therefore, less stable than the water acceptor ͑Y͒ minimum by ϳ0.5 kcal/mol. This result is consistent with the realization that a comparison between the experimentally measured RC and the ones computed for the Y-and T-minima ͑cf. Tables IV and VII͒ suggests that the observed structure definitively corresponds to the water acceptor Y-rather than the water donor T-structure. Furthermore, the stability of the T minimum also depends upon the height of the barrier corresponding to the isomerization between the two, an issue addressed later in this study.
C. Transition states
In this section we will investigate the isomerization of the Y-minimum via a highly symmetric (C 2v ) configuration ͑YY͒, the isomerization of the T-minimum corresponding to the exchange of the water H atoms that are hydrogen bonded to the triple bond of acetylene ͑TT͒ and the transition state between the two minima ͑YT͒.
YY-structure "C 2v …
As noted earlier, isomerization between the two C s mirror images of the Y-minimum can occur via a ''rocking'' motion of the water molecule. The transition state ͑t.s.͒ for this process has, therefore, C 2v symmetry. Its optimal internal coordinates are shown in Table VIII and the harmonic  vibrational frequencies and IR intensities in Table IX. Ex-TABLE VII amination of the harmonic vibrational frequencies readily confirms that the structure is a first-order transition state having one imaginary frequency(b 1 symmetry͒ equal to 16i and 38i cm Ϫ1 at the MP2 level with the aug-cc-pVDZ and augcc-pVTZ basis sets, respectively. The rest of the 14 harmonic frequencies are practically identical ͑within 1-3 cm Ϫ1 for the ones larger than 800 cm Ϫ1 ͒ with those of the Y-minimum ͑Table V͒. The inversion barrier is Ͻ0.02 kcal/mol ͑ϳ5 cm Ϫ1 ͒ at the MP4/aug-cc-pVTZ level of theory, a value consistent with the one previously reported by Miller and co-workers 8 ͑5.9 cm Ϫ1 ͒. The geometries of the YY and Y stationary points are essentially identical at all levels of calculation. The results of Table IV and VIII suggest that the most significant geometry change is the shortening of the HCCH¯OH 2 van der Waals distance by 0.004 Å in the YY-t.s. when compared to the Y-minimum ͑MP4/aug-cc-pVTZ level͒.
Notwithstanding the fact that the YY stationary point is a transition state on the BSSE-uncorrected energy surface ͑with a barrier of ϳ5 cm Ϫ1 with respect to Y͒, correcting for BSSE was found to reverse the order, stabilizing the YY more than the Y geometry albeit by a negligible amount ͑0.4 cm Ϫ1 at the MP4/aug-cc-pVTZ level of theory, cf. Table VI͒ . This suggests that BSSE corrections qualitatively alter the subtle features of the PES in the vicinity of the minimum, a fact that has been overlooked during earlier studies. Based on our results we suggest that the previously assumed double well potential used to describe the high amplitude motion of the water molecule off the acetylene C 2 axis, should in fact be replaced with a single well potential with the minimum at the C 2v geometry. This potential is quite flat and inclusion of zero-point energy corrections tends to continue the trend of stabilizing the YY-with respect to the Y-stationary point. As can be seen from Table VI, the ⌬E 0 (Y Y ϪY ) is 0.12 kcal/ mol ͑YY more stable͒. This energy difference is almost identical ͑within 0.01 kcal/mol͒ at the MP2, MP4, and CCSD͑T͒ levels of theory with the aug-cc-pVTZ set ͑Table VI͒. In order to obtain an accurate value for the interaction energy we note ͑Table VI͒ that the variation of ⌬E e for the Y-and YY-structures with respect to the isolated fragments is almost identical both as a function of basis set and electron correlation. By using the extrapolated CBS value for ⌬E e of the Y-minimum ͑Ϫ2.87 kcal/mol, previously obtained in Sec. III B 1͒ and adding a ⌬͑ZPE͒ϭ0.83 kcal/mol ͑MP2/aug-ccpVTZ͒ we arrive at a value of Ϫ2.04 kcal/mol ͑including BSSE corrections͒ for the interaction energy of the YYstructure. This value is lower than the one previously obtained using the same procedure for the Y-minimum ͑Ϫ1.92 kcal/mol͒, mainly due to differences in the zero-point energies as noted earlier. It is, therefore, justified to suggest that the ''structure'' of the water acceptor arrangement, although extremely floppy with respect to the rocking of the W molecule off the acetylene C 2 axis, has a structure of C 2v symmetry. The dipole moment of the YY-stationary point is 2.418 D ͑MP2/aug-cc-pVTZ͒, slightly larger than the one for the Y-structure.
TT-structure
This transition state arises from the isomerization of the T-minimum by allowing the ''hydrogen bonded'' H atom of W to become ''free'' and vice versa. It has C 2v symmetry with the two acetylene hydrogen atoms pointing slightly upwards, ͑HCC͒ϭ179.82°, at the MP2/aug-cc-pVTZ level ͓Fig. 1͑d͔͒. Its internal coordinates are shown in Table X at the MP2/aug-cc-pVnZ,nϭ2,3 levels. The only geometric change worth mentioning is the decrease of the water HOH angle by 1.6°with respect to the geometry of the T-minimum. Its harmonic frequencies are listed in Table XI . The imaginary frequency (174i cm
Ϫ1
) corresponds to an oscillating motion of the water plane transversely to the C-C axis. A comparison between the harmonic frequencies of the T-minimum and the TT-t.s. ͑Tables V and XI͒ reveals that most of the change ͑29-93 cm Ϫ1 ͒ occurs in the low intermolecular modes. The intramolecular modes remain almost unperturbed except the water symmetric stretch ( 14 ) for which we observe a red-shift of 40 cm Ϫ1 with respect to the T-minimum. This is consistent with the formation of a ''double donor'' arrangement of the water to the acetylene triple bond.
The energetics of the TT-t.s. are shown in Table VI . The best computed number ͑including ZPE corrections͒ for the barrier corresponding to the isomerization of the T-minimum via the TT-t.s. is 0.34 kcal/mol ͑0.54 kcal/mol for BSSEuncorrected͒ at the MP2/aug-cc-pVTZ level.
YT-structure
The transition state ͓Fig. 1͑e͔͒ between the Y-and T-minima has no symmetry elements (C 1 ). Its internal coordinates, harmonic frequencies and energies are listed in Tables X, XI , and VI, respectively. The imaginary frequency of this first order t.s. is 39i and 78i at the MP2 level with the aug-cc-pVDZ and aug-cc-pVTZ basis sets, respectively. Although no significant shifts were found for the A frequen- cies, the W stretches show red-shifts of 38 ( 14 ) and 23( 15 ) cm Ϫ1 with respect to isolated water at the MP2/augcc-pVTZ level.
The energy barrier for the isomerization between the Y-and T-minima via the YT-t.s. ͑cf. Table VI͒ ͓with respect to the less stable T-minimum͔ is quite small, 0.24 kcal/mol ͑BSSE uncorrected͒ and 0.18 kcal/mol ͑BSSE-corrected͒ at the MP2/aug-cc-pVTZ level. Inclusion of ZPE corrections, however, drastically alters this picture resulting in no barrier between the two minima. Therefore, the T-minimum is unstable since it readily collapses to the more stable Y-structure. This is because
.04 kcal/mol at the MP2/augcc-pVTZ level. This result is consistent with the observation of only one minimum ͑Y-structure͒ experimentally.
IV. REMARKS AND CONCLUSIONS
We have performed extensive ab initio calculations on the acetylene-water dimer PES employing MP2, MP4, and The symbol w denotes the middle of the triple bond. , aug-cc-pVnZ, nϭ2,3,4 . We have systematically examined five possible van der Waals isomers labeled Y, YY, T, TT, and YT ͑vide supra͒, with the main goals of ͑i͒ establishing accurate interaction energies and geometries ͑ii͒ understanding the multidimensional PES and the isomerization mechanisms between the various stationary points in order to explain the available experimental data. Our salient findings can be summarized as follows.
͑1͒
The global minimum on the PES corresponds to a configuration in which the water molecule acts as the proton acceptor from one of the acetylene hydrogen atoms, in agreement with previous studies. The PES with respect to the rocking of the water molecule off the acetylene C 2 axis is quite flat and its features are sensitive to the theoretical treatment. On the BSSE-uncorrected PES the equilibrium geometry at all levels considered here ͓MP2, MP4, CCSD͑T͔͒ corresponds to a configuration of C s symmetry ͑the angle between the C-C and the water C 2 axes is 156.0°͒ with a barrier of ϳ5 cm Ϫ1 with respect to isomerization via the highly symmetric planar arrangement of C 2v symmetry. However, accounting for BSSE qualitatively alters this double-well picture producing a single minimum at the C 2v arrangement. In any event even the double well potential on the BSSE-uncorrected surface does not support a vibrational level and inclusion of zero-point energy corrections results in the C 2v configuration being more stable. The two structures, namely Y and YY, are for all practical purposes indistinguishable, and we can think of the AW complex as an extremely floppy, quasiplanar system with an interaction that is weaker than that of a typical hydrogen bond. 27 Our best estimate for the binding energy ͑corrected for BSSE and ZPE͒ is Ϫ2.04 kcal/mol at a van der Waals distance R vdWH1¯O ϭ2.190 Å. ͑2͒ The configuration in which the water molecule acts as a proton donor to the acetylene triple bond corresponds to a local minimum on the PES with a van der Waals distance from the middle of the CwC bond of 2.365 Å ͑MP4/aug-cc-pVTZ͒. The water molecule can interchange its hydrogen atoms by moving transversely to the acetylenic triple bond; the corresponding barrier for this process (T→TT→T) is 0.34 kcal/mol. The barrier for isomerization to the global minimum was found to be just 0.18 kcal/mol. However, by including BSSE and ZPE corrections the energy of YT is lower then that of T(⌬E 0 ϭϪ1.41 kcal/mol) by 0.04 kcal/mol. This means that it can easily slip to the global minimum, and this is the reason why only one minimum ͑YY͒ has been observed experimentally. ͑3͒ Although the T-structure does not correspond to a local minimum on the PES ͑destabilized by BSSE and mainly by ZPE corrections͒ it, nevertheless, represents an important binding site that can be accessed in clusters of acetylene with more than one water molecules via the formation of cyclic homodromic water networks, as it will be seen in a future study. 28 Establishing accurate relative energy differences between the two main bonding scenarios ͑Y-vs T-͒ considered here is quite important in the development and parametrization of accurate interaction potentials used to study the microsolvation of acetylene. A previous analysis 13 has indicated that the main term in the perturbation expansion for both structures is the electrostatic interaction with the next most important term being the exchange repulsion; this term was found to be more repulsive for the Y-than for the T-arrangement. Charge-transfer terms were reported to have different contributions for the two arrangements as water is an electron donor in the Y-and an electron acceptor in the T-structure, respectively. A simple hardsphere electrostatic model, 13, 16 previously used to probe the two isomers, reproduces the interaction energy for the Y-arrangement quite accurately ͑Ϫ3.09 kcal/mol͒ when compared to ab initio ͑Ϫ2.87 kcal/mol͒. However, it yields an energy separation of 1.6 kcal/mol between the two isomers a value that is larger than the one obtained here ͑0.3 kcal/mol͒. ͑4͒ An issue that has been overlooked in all previous studies is the effect of BSSE on the ground-state PES. We found that inclusion of BSSE corrections ͑i͒ alters the equilibrium geometry of the global minimum and the features of the PES around it and ͑ii͒ destabilizes the T-minimum with respect to the global minimum, a fact that is enhanced by the inclusion of ZPE corrections as discussed in point ͑2͒ above. ͑5͒ The effects of higher than MP2 level of correlation on the binding energy and structure are quite small. Accurate energetics can be obtained using a triple zeta quality basis set that includes diffuse functions. A comprehensive summary of the relative energetics of all five isomers at the MP2/aug-cc-pVTZ level of theory is shown in Fig. 4 . 
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